Introduction
Esophageal cancer (EC) is the 8th most common cancer in the world and 6th leading cause of death due to cancer worldwide (Mao et al., 2012; Weng et al., 2012) . Majority of the new EC cases are diagnosed at stage Ⅲ/Ⅳ, with a poor 5-year survival prognosis. In United States, 14,280 out of total 16,470 new EC cases reported in 2008 died of this disease (Jemal et al., 2011) . In this scenario, experts in the field of EC have internationally recognized the fact that for the development of any preventive strategies, it is imperative to elucidate the causes and risk factors responsible for the epidemiology of EC (Eslick et al. 2009; Mao et al., 2012) . EC involves the malignancies that arise from the epithelial surface of the esophagus, with two major subtypes i.e., Esophageal Squamous Cell carcinoma (ESCC) and Esophageal Adenocarcinoma (EADC). ESCC primarily arises in the upper part of the esophagus, while EADC arises mainly from the glandular cells near the junction of the esophagus and stomach. ESCC has similarity with head and neck cancer in their appearance and association with tobacco and alcohol intake, while EADC is most commonly associated with a history of gastro esophageal reflux disease(GERD) and Barrett's esophagitis (Kollarova et al., 2007) . Although it is found throughout the world but majority of the cases, especially ESCC, occur in developing counties with striking geographic variations.
A very high incidence rate has been reported in SouthCentral Asia that is also known as "Asian cancer belt" that stretches eastwards from Iran through Turkmenistan, Afghanistan, Uzbekistan, Kazakhstan into Northern China and Mongolia with annual age-standardized incidence rate (ASIR) as high as 100 new cases per 100,000 population and SCC as the most common subtype (Badar et al., 2005; Weng et al., 2012) . In Pakistan, regions adjacent to the cancer built extending from Quetta through Dera Ismail Khan into Khyber Pakhtunkhwa have high incidence rate as compared to other areas and some expert suggest it as the 'extension of the Asian cancer belt' (Figure 1) (Jamal, 2010) . Many factors have been implicated in these areas in the etiology of the disease including environmental factors such as mineral contents of the soil; dietary factors such as diet low in fruits, vegetables and animal proteins; personal habits such as tobacco intake and alcoholism (Cortes and Villasenor, 1997; Sharma et al., 2011; Yi and Li 2012) . Besides that, age, gender, poor socioeconomic status and genetic factors also contribute towards the disease (Mao et al., 2012; Amani et al., 2013) .
Studies conducted in Pakistan have reported tobacco use including cigarette smoking, naswar intake and paan chewing as the main risk factors for EC (OR: 3.3 and 2 for cigarette and naswar respectively) (Jamal et al., 1997; Afridi et al., 2000) . The confirmed carcinogenic species reported in tobacco mainly include nitrosamines, aromatic amines and polyaromatic hydrocarbons (PAH) (Yun et al., 2013) . Tobacco use and alcoholism have also been shown to possess synergistic effects increasing the relative risk over 100-times than that of induced by tobacco or alcohol use alone. This is owing to the reason that fat soluble compounds are more soluble in ethanol and are thus easily absorbed (Blot et al., 2006; Mao et al., 2012) . More than 20 different nitrosamines have been shown to play an important role in inducing EC in animals displaying time-and dose-dependency (Castellsague et al., 1999) .
These compounds are actually pro-carcinogens and are metabolized by a family of ubiquitous enzymes Cytochrome P450 (CYPs).Various isoforms of CYPs including CYP1A1 are reportedly involved in activation process (D'Errico et al., 1996; Olshan et al., 2000) . However, the expression of these enzymes differs in individuals resulting in differences in the metabolic processing of carcinogens. Certain individuals are genetically more susceptible to cancer when exposed to carcinogens owing to their genotype for enzymes responsible for their activation or detoxification (Abbas et al., 2014) . This is evident from the finding that only a small number of individuals among those exposed to tobacco or alcohol under the same environmental conditions develop cancer in their life time. CYP1A1 metabolically converts majority of tobacco containing pro-carcinogens into reactive metabolites that have carcinogenic effects (Taskiran et al., 2006; Abbas et al., 2014) . Allelic variants influencing the enzyme activity of CYP1A1 along with environmental factors such as tobacco use play key roles in making individuals susceptible to different types of cancers (Xia et al., 2013) . The CYP1A1 gene located on chromosome 15q22-q24 encodes an enzyme with aryl hydrocarbon hydroxylase activity that plays important role in the metabolism of polycyclic aromatic hydrocarbons (PAH) and nitrosamines from tobacco, and inherited differences in metabolic capacity are considered to play a major role in carcinogenesis (Sabitha et al., 2010) . Certain allelic variations in the CYP1A1 gene and prolonged exposure to tobacco products could lead to higher levels of reactive metabolites, thereby causing DNA damage in addition to othercontributing factors (Prokopczyk et al., 1997; Velema et al., 2002) .
Since tobacco consumption is common in Pakistan and 9% of women and 36% of men are addicted to tobacco, accounting for about 32% of the total South Asian population that smoke tobacco (Moore and Tsuda, 2002) . Similarly naswar consumption in Khyber Pakhtunkhwa is very much common especially among the male Pashtun population (Afridi et al., 2000) . It is possible that polymorphisms in genes encoding xenobiotic metabolizing enzymes could help in identification of susceptible individuals.
In light of the above mentioned facts, a hospitalbased case-control study was carried out to evaluate the potential role of m1 (T>C, rs4646903) polymorphisms in the CYP1A1 gene on susceptibility to esophageal cancer patients with Pashtun ethnicity of Khyber Pakhtunkhwa Pakistan. This will help to adopt pro-active approaches for early diagnosis and preventive life style modification strategies to decrease the incidence of the disease in the target population.
Materials and Methods

Sample collection
Three milliliters of whole blood was collected from all subjects in EDTA tubes after approval from the Ethical Committee of the Department of Pharmacy, University of Peshawar (No. 440, dated 17.12.2011) . Informed consent and thorough interview was taken by expert in the relevant field before blood collection on a carefully designed proforma that contained information regarding age, place, occupation, socioeconomic status, cancer type and tobacco use habits etc. Study subjects comprised of 196 healthy control and 140 esophageal cancer patients between 35 and 70 years of age with Pashtun ethnicity of Khyber Pakhtunkhwa, and not less than 20 years of tobacco exposure. The patients were registered at the Institute of Radiotherapy and Nuclear Medicine (IRNUM), Peshawar, Khyber Pakhtunkhwa as per exclusion/inclusion criteria. The study period was from between June, 2012-June, 2013. All the patients were having histo-pathologically confirmed cancers.
Criteria for patients: i) Age between 35 and 70 years with Pashtun ethnicity; ii) Histopathologically proven ESCC; iii) Not less than 20 years of tobacco exposure in any form.
Exclusion criteria for patients: i) Age >70 years; ii) Patients with non-Pashtun ethnicity Criteria for selection of control subjects: i)Normal healthy age-matched subjects of similar ethnicity with not less than 20 years of exposure to tobacco in any form, and free from esophageal cancer.
DNA isolation and genotyping of CYP1A1 m1 T>C (rs4646903)
Genomic DNA was extracted from peripheral blood leucocytes by using standard DNA Isolation kit (Purelink Genomic DNA kit Invitrogen, USA) as per supplier's recommendations. The DNA quality and quantity were estimated using a double beam spectrophotometer (Perkin Elmer series 200 system, Norwalk, USA). TheCYP1A1m1 (T>C, rs4646903) polymorphism were analyzed using a highly specific Real Time Polymerase Chain Reaction (RT-PCR). Light SNiP rs4646903 was purchased from TibMolbiol Germany that contained all primers and probes to run the reaction. Similarly, FastStart DNA Master Hyprobe kit required for the reaction as per supplier's Asian Pacific Journal of Cancer Prevention, Vol 15, 2014 6717 DOI:http://dx.doi.org/10.7314/APJCP.2014.15.16.6715 CYP1A1 Gene Variant rs4646903 and Esophageal Cancer Risk in Pashtun Population of Pakistan recommendations was purchased from Roche Diagnostics Germany. Reaction was performed as per recommended guidelines with minor changes as follows. Reaction mix were prepared using Reagent Mix (1µl), FastStart DNA Master (2µl), Magnesium chloride (25mm, 1.6µl), and water (14.4µl). Finally, DNA (1µl, 100-150 ng) was added to the reaction mix to make the final volume 20 µl. Thermocycler (MiniOpticon Model CFB-3120EDUUSA) conditions as per protocol were as follows:
Denaturation at 95ºC for 10 minutes; Cycling for 45 cycles of 95ºC for 10sec, 45ºC for 60sec and 72ºC for 15sec; followed by melting curves analysis at 95ºC for 10sec, 40ºC for 2minutes through 75ºC for 0sec. Duplicate samples were used as control. Melting peaks at 51-52ºC represented wild type (T/T) allele; the one at 59-60ºC represented variant (C/C) allele, while samples giving two peaks at 51ºC and 59ºC were heterozygous (T/C) allele (Figure 2 ).
Statistical analysis
Variables selected from the data set were age, gender, place of residence, tobacco type used (cigarette, naswar, and both cigarette and naswar), amount of tobacco used per day, age at first exposure and polymorphism in the CYP1A1 rs4646903 gene variant. Hardy-Weinberg equilibrium for control population was determined by using standard formula. Chi-square (χ2) test was used to detect whether there were significant (α=0.05) differences in frequencies between cases and controls. Odds Ratios (OR) of Esophageal cancer for each polymorphism using binary logistic regression model were estimated with 95% confidence intervals (CIs), and the difference in genotype prevalence and association between case and control group were assessed independently as well as adjusted for confounding factors. Age, gender, place of residence, tobacco type used, amount of tobacco used per day and age at first exposure were included as covariates as well as all the possible genotypes studied. A probability of p<0.05 (two sided) was considered significant to determine whether the genotype frequencies were different between the patient and control population. CYP1A1 rs4646903 polymorphism was categorized into homozygous wild type and variant allele containing genotypes. Wild type was used as reference group to assess the effects of the different alleles. Analyses were performed by SPSS (Version 20.0).
Results
Subject characteristics
Demographic and other subject characteristics are shown in Table 1 . Mean age of healthy subjects (controls) and esophageal cancer patients was 54.14±9.91 and 55.02±10.83 years, respectively (t test p value=0.304). Twenty nine percent (29.28%) of the patients were in the age range of 41-50 years; same percentage (29.28%) was in the age range of 51-60 years, while 28%of the patients were in the range of 60±years of age. All the patients were male and no female patient during study period was observed. Highest incidence (27.14%) of To estimate the socioeconomic status occupation of the subjects was observed. Highest incidence (37.85%) was observed in farmers followed by laborer (27.85%) and other odd jobs (21.42%). Several aspects of tobacco use habit were noted including type of tobacco product used, age at 1 st exposure and amount of tobacco used per day. Cases and control were having similar tobacco habits (t test p values=0.786, 0.591and0.853 for types of tobacco used (cigarettes, naswar, both types), age at first exposure, and amount of tobacco used respectively. Majority (48.57%) of the patients were naswar addicts followed by combined use of naswar and cigarettes (38.57%). Only 12.14% were addicted to cigarettes alone. Forty one percent patients started tobacco at the age of 10-15 years, while 40% started at the age of between 16-20 years, with mean age of 17 years. Subjects were divided into three categories on the basis of amount of tobacco used per day. Mild users were those taking less than 0.5 packs to 1.5 packs of either naswar or cigarettes alone or in combination. Moderate users were those taking more than 1.5 packs to 3 packs of either naswar or cigarettes alone or in combination. Heavy users were those using more than 4 packs of either naswar or cigarettes alone or in combination. Majority (46.42%) of the patients were mild users followed by moderate users (42.14%). Only about 11% were heavy users.
Association with susceptibility to esophageal cancer
The allele frequencies and genotype of CYP1A1 rs4646903 polymorphism among controls were not departure from Hardy-Weinberg equilibrium. The distributions of genotypes of CYP1A1 rs4646903 were significantly different between the cases and controls groups (Pearson chi Square χ2 0.05, 2 =0.000, p>0.05) ( Table  2 ). The prevalence of CC and TC genotypes was more in cases (20% and 40% respectively) when compared to controls (3.57% and 25%). Homozygous variant type (C/C) had a 10-fold increased risk for EC, compared with wild genotype (T/T) (OR: 10 (4.130-24.213)); while heterozygous variant (T/C) had almost 3-fold increased risk for EC, compared with wild genotype (T/T)(OR: 2.85 (1.745-4.678)) at 95% CI. The risk showed a further increase (5-fold in case of C/C allele) when the data were adjusted for age, gender, place of residence, tobacco type used, amount of tobacco used per day and age at first exposure (OR=15.709 (6.065-40.686) and 3.256 (1.902-5.574 respectively).
Discussion
The ubiquitous family of enzymes cytochrome P450 plays an important role in the metabolic activation of major classes of tobacco related carcinogens. These include phase I enzyme CYP1A1 that is responsible for the activation of benzo[a]pyrene and nitrosamines thus affecting the metabolism of the environmental carcinogens and altering the susceptibility of esophageal cancer. Variation in CYP1A1 gene may alter function of its enzymes in such a way that toxicity of the extraneous stimulating factors that directly influence tissues may be enhanced, thus increasing susceptibility to cancer. Two major relevant polymorphic sites of the CYP1A1 gene have been associated with several types of cancer. One site (known as Msp1 orrs4646903) is located in the 3'-flanking region of the gene (T6235C position) in which the presence of C has been considered important risk factor. While the other (known as Ile/Val) (A4889G) is located at codon 462 that alters the protein structure by replacing an isoleucine for a valine, making the carriers more susceptible to some tobacco-associated cancers (Wang et al., 2002b) . A casecontrol study with molecular epidemiology methods was designed to analyze the relationship between CYP1A1 gene variant rs4646903 and esophageal cancer risk. Our data showed that the replacement from T to C at this site can significantly increase the risk of esophageal cancer. Variant allele (CC) ten times increases the risk of EC in Pashtun population while heterozygous allele (T/C) increases the risk about three fold. After adjusting for age, gender, place of residence, tobacco type used, amount of tobacco used per day and age at first exposure the risk further increases (Adjusted OR=15.709 and 3.256 respectively). This shows that the above mentioned environmental factors also significantly contribute towards the risk of developing EC. The gender, place of residence and naswar use in this study are among the factors that increase the risk. This confirms various studies that have previously reported the high prevalence of EC in Khyber Pakhtunkhwa and other Pashtun population areas (Jamal et al., 1997; Afridi et al., 2000; Shahid Jamal 2010) . Remarkable proportional differences have been observed DOI:http://dx.doi.org/10.7314/APJCP.2014.15.16.6715 CYP1A1 Gene Variant rs4646903 and Esophageal Cancer Risk in between male and female regarding occurrence of EC. Studies have reported differences up to 1:5 between females and males (Cook et al., 2009; Hajmanoochehri et al., 2013 ). Interestingly we have not observed any female patient of EC in our one year time period. The occurrence of EC increases with age, with incidence rates peaking at 70 years of age. The peak age in majority of patients with EC is over the age of 50 years. In this study almost constant proportion has been observed in patients above 40 years up to 70 years of age. Associated risk factors for EC are well known. Risk factors previously reported for ESCC include tobacco use, alcohol consumption, and under-nutrition. Low socioeconomic status is associated with under-nutrition in developing countries. As a risk factor, under-nutrition includes low intake of fresh fruits and vegetables and low intake of micronutrients such as vitamin A, C, E, riboflavin, zinc and selenium. Studies have demonstrated a reduced risk of EC associated with regular intake of fresh fruits and vegetables with former to be more beneficial than latter (Yang et al., 2005; Yamaji et al., 2008; Mao et al., 2012; Song 2013) . Same finding were observed over here. Almost all patients were of low socioeconomic status that was evident from their life long profession. High prevalence in certain geographical areas has been reported for EC as discussed previously.
Our observations were consistent with those studies and high prevalence of EC in areas adjacent to Afghanistan border (Tribal areas, Northern areas, Charsadda and Peshawar) further provides yet another evidence for the hypothesis that Pashtun population areas of Pakistan are an extension of 'Asian cancer belt' (Jamal 2010) . Regarding tobacco habits our study showed consistent results with previous studies. Almost eighty percent of the patients started tobacco at 10-20 years of age. Similarly, almost eighty percent of the patients were mild to moderate users. This shows that routine doses of tobacco play important role in the incidence of EC. Naswar was observed to be the main tobacco product consumed by the patients. Its association with EC has been shown previously (Afridi et al., 2000) . This may be because naswar is a smokeless tobacco product and is swallowed with the saliva that comes in direct contact with esophagus. Naswar contains various carcinogenic species especially TSNAs, and also has a basic pH of more than 8 (Zakiullah et al., 2012) . Basic pH has the same effect as that of alcohol in making carcinogenic species more soluble, leading to their more efficient absorption into esophageal epithelium. That may explain that why naswar is an important risk factor for the development of EC.
Polymorphism studies at rs4646903 site have shown different results. Some have reported association (Guo et al., 2005) , while others have shown no or weak association (Wu et al., 2002; Casson et al., 2003; Wang et al., 2003) with EC. This shows that factors such as ethnicity, study population, different environmental exposure and sample size may affect the results. Therefore, large population based studies should be designed in specific ethnic groups exposed to similar risk factors to analyze the relationship of CYP1A1 rs4646903 genetic polymorphism and esophageal cancer.
In conclusion, our study suggests that the CYP1A1 rs4646903 gene variations may be associated with the risk of esophageal cancer. However, large population based epidemiologic studies should be conducted in future to consider interactions between genetic polymorphisms and exposure to environmental carcinogens to make the tests results more objective and reliable. Conclusion and recommendations. Despite high prevalence in Khyber Pakhtunkhwa the precise etiologic factors for EC have not been elucidated. As discussed in the risk factors, reducing consumption of tobacco (especially naswar in Pashtun population) and more consumption of fruits and vegetables must be regarded as the primary preventive strategies. Similarly, projects should be designed by governmental agencies to screen for genetically susceptible individuals and awareness regarding genetic susceptibility and environmental risk factors be generated in general public. Also, further research is recommended to understand the precise etiology and epidemiology of EC to prevent the general public from this fatal and costly disease.
